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(54) Method and apparatus for radio communication 



(57) A method (and apparatus) of receiving (and 
transmitting) a wanted modulated radio frequency sig- 
nal and of demodulating it to recover the wanted mod- 
ulating signal (131,132) therefrom, the method compris- 
ing the stops of receiving a radio frequency signal (99); 
generating a high froquoncy local oscillator signal 
(71 ,72), which can be mathematically described as hav- 
ing a fixed frequency Opp corresponding to the frequen- 
cy of the carrier wave of the wanted modulated radio 
frequency signal and a phase $ M which varies in time 
according to a predetermined phase function; mixing the 
received radio frequency signal (99) with the high fre- 
quency local oscillator signal (71,72) to generate a 
mixed signal (111,116); converting the mixed signal from 



an analogue signal into a digital signal (121,122); gen- 
erating a low frequency * local oscillator signal 
(61,62,63,64), which can be mathematically described 
as having a fixed frequency of zoro and a phase $ M 
which varies in time according to the predetermined 
phase function when delayed by a predetermined delay 
corresponding to the time taken for the signal to propa- 
gate between the first mixing step (1 1 0,1 1 5) and the sec- 
ond mixing step (300); and mixing the mixed signal with 
the low frequency local oscillator signal to recover a re- 
covered signal (1 31 , 1 32) including both a wanted base- 
band signal whose phase Is not dependent on the pre- 
determined phase function and a noise signal whoso 
phase Is dependent upon tho predetermined phase 
function. 
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Description 

FIELD OF THE INVENTION 

s The present Invention relates to a method and apparatus for performing radio communication, and in particular to 
a portable communications device incorporating such a method or apparatus. 

BACKGROUND OF THE INVENTION 

10 Within most common radio communication protocols (e.g. Groupo Special Mobile - GSM), portable communication 
devices must bo able to rocorvo and transmit radio signals at a plurality of different radio frequencies which correspond 
to different chann els (or groups of chann els). In order to receive radio signals at different radio frequencies, conventional 
radio receivers have employed a superheterodyne recoivor in which the incoming radio signal Is mlxod with a first 
locally gonoratod signal whoso frequency may bo varied as dosirod. In this way it is possible to generate an Intermediate 

is frequency (IF) signal whose frequency is given approximately by f )F = f RF - f LO where f, F Is the frequency of the IF 
signal, f RF is the frequency of the wanted radio signal and f L0 is the frequency of the locally generated signal; since 
f LO may vary, it is always possible to choose an f LO such that f, F occupies a singlo frequency range regardless of the 
value of f RF . Conventionally, within GSM portable communication devices, f, F is chosen to have a value such that the 
imago (f RF - 2f JF ) is out of the GSM band so it can bo filtered by suitable RF filters. The IF signal thus obtained Is then 

so filtered by a band-pass fitter In order to pormit the wanted signal to pass through while removing unwanted signals 
adjacent thereto. Thereafter, a second locally generated signal whose frequency corresponds to the frequency of the 
IF signal is mixed with the IF signal to generate the base-band signal. However, a significant drawback of such a 
superheterodyne receiver is that the band-pass filter required can not bo easily incorporated onto an integrated circuit 
and has a significant cost associated with it. 

25 In order to overcome the above-mentioned drawback with a superheterodyne receiver, a direct down-conversion 

recoivor has boon proposed in which f LO is sot to equal f RF such that tho IF signal corresponds directly to the base- 
band signal which is desired. In this caso only a low pass filter is required which can be formed on an integrated circuit 
as desired. However, the locally generated signal may itself got received by the aerial of the receiver and interfere with 
the wanted rf signal thus generating noise at dc within the base-band signal which will not be filtered by the low-pass 

90 fjitor. In a similar manner, any non-linear distortion on the signal ( or on high level Interfere 

) caused by non-linear components within the receiver may also cause an unwanted dc noise or second order AM 
components within the baso-band signal which cannot bo oasity fittorod out without advorsoly affecting the wanted 
base-band signal (N.B. tho wanted baso-band signal will also have a dc component). 

Thus there is a need for a method and apparatus for performing radio communication which overcomes the draw- 

os backs associated with the prior art referred to above. 

SUMMARY OF THE INVENTION 

According to a first aspect of tho present invention, there is provided a method of receiving a wanted modulated 

^e radio frequency signal and of demodulating it to recover tho wanted modulating signal thorofrom, tho method comprising 
the steps of receiving a radio frequency signal; generating a high frequency local oscillator signal, which can be math- 
ematically described as having a fixed frequency corresponding to the frequency of the carrier wave of the wanted 
modulated radio frequency signal and a phase which varies in time according to a predetermined phase function; 
mixing the received radio frequency signal with the high frequency local oscillator signal to generate a mixed signal; 

45 converting the mixod signal from an analogue signal into a digital signal; generating a low frequency local oscillator 
signal, which can bo mathematically described as having a fixed frequency of zero and a phase which varies in time 
according to the predetermined phase function when dolayod by a predetermined delay corresponding to the time 
taken for tho signal to propagate between the first mixing step and the second mixing step; and mixing the mixed signal 
with the low frequency local oscillator signal to recover a recovered signal including both a wanted base-band signal 

so whose phase is not dependent on the predetermined phase function and a noise signal whose phase Is dependent 
upon the predetermined phase function. 

According to a second aspect of tho presont Invention, there Is provided a method of modulating a carrier signal 
with a modulating signal and transmitting the modulated carrier signal thus formed, the method comprising the steps 
of generating a tow frequency local oscillator signal, which can be mathematically described as having a fixed frequency 

55 of zoro and a phase which varios in timo according to a predetermined phase function; mixing the modulating signal 
with the low frequency local oscillator signal to generate a mixed signal; converting the mixed signal from a digital 
signal to an analogue signal; generating a high frequency local oscillator signal, which can be mathematically described 
as having a fixed frequency corresponding to the frequency of tho carrier signal to be modulated and a phase which 
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varies in timo according to tho predetermined phaso function when delayed by a predetermined delay corresponding 
to the time taken for the signal to propagate between the first mixing step and the second mixing step; mixing the mixed 
signal with the high frequency local oscillator signal to generate a generated signal including both the wanted modulated 
carrier signal whoso phaso Is not dopondont on tho predetermined phaso function and a noise signal whose phase Is 
dependent upon the predetermined phase function; and transmitting the generated signal. 

According to a third aspect of the present invention, there is provided a radio receiver for receiving a wanted 
modulated radio froquoncy signal and demodulating it to rocovor tho wanted modulating signal therefrom, the receiver 
comprising receiving means for receiving a radio frequency signal; a high frequency local oscillator for generating a 
high frequency local oscillator signal, which can be mathematically described as having a fixed frequency corresponding 
to the frequency of the earner wave of tho wanted modulated radio frequency signal and a phase which varies in time 
according to a predetermined phase function; an analogue mixer for mixing the received radio frequency signal with 
the high frequency local oscillator signal to generate a mixed signal; an analogue to digital converter for converting the 
mixod signal from an analoguo signal into a digital signal; a low froquoncy local oscillator for generating a low frequency 
local oscillator signal, which can be mathematically described as having a fixed frequency of zero and a phaso which 
varies in time according to the predetermined phase function when delayed by a predetermined delay corresponding 
to tho time taken for the signal to propagate between the analogue mixer and the digital mixer; and a digital mixer for 
mixing the mixed signal with tho low frequency local oscillator signal to recover a recovered signal including both a 
wanted base-band signal whose phaso is not dependent on the predetermined phase function and a noise signal 
whose phase is dependent upon the predetermined phase function. 

According to a fourth aspect of tho present invention, there is provided a radio transmitter for modulating a carrier 
signal with a modulating signal and transmitting the modulated carrier signal thus formed, the transmitter comprising 
a low frequency local oscillator for generating a low frequency local oscillator signal, which can be mathematically 
described as having a fixed frequency of zero and a phase which varies in time according to a predetermined phaso 
function; a digital mixer for mixing the modulating signal with tho low froquoncy local oscillator signal to genorate a 
mixed signal; a digital to analogue converter for converting the mixed signal from a digital signal to an analogue signal; 
a high frequency local oscillator for generating a high frequency local oscillator signal, which can bo mathematically 
described as having a fixed frequency corresponding to the frequency of tho carrier signal to bo modulatod and a phaso 
which varies in time according to the predetermined phase function when delayed by a predetermined delay corre- 
sponding to the time taken for tho signal to propagate between the digital mixer and the analogue mixer; an analoguo 
mixer for mixing the mixed signal with the high frequency local oscillator signal to gonorato a gon orated signal including 
both the wanted modulated carrier signal whose phase is not dependent on the predetermined phase function and a 
notso signal whose phase is dependent upon the predetermined phaso function; and transmitting means for transmitting 
the generated signal. 

The receiving and demodulating method preferably includes the step of filtering the recovered signal to romovo 
unwanted components from the recovered signal including at least somo of tho noise whose phase is dependent upon 
tho predetermined phase function. By this method, it is possible to remove more of tho noiso gonoratod after tho first 
mixing stage than would be the case If the phase of the noise signal was Independent of the predetermined phase 
function. 

Note that reference to a mixer above will generally bo understood in tho art to refer to a mixer arrangement which 
will usually include at least two mixers so that separato mixing can bo performed on tho I and Q signals and/or so that 
signal balancing may be performed at baseband. 

Preferably, a signal corresponding to the predetermined phase function is generated digitally by a phase function 
generator in the form of a digital processor and/or suitable digital storage means. The high frequency local oscillator 
is preferably a digitally controlled frequency synthesiser and ideally is a fractional-N, Phase Locked Loop (PLL) fre- 
quency synthesiser, in combination with the phase function generator. The low frequency oscillator is preferably formed 
simply by the phase function generator itself. 

In one preferred embodiment, the predetermined phase function varies with time In a non-linear fashion so as to 
spread the band-width of the signal with which it is mixed. Ideally the predetermined phase function further acts to 
spread tho signal with which it is mixed in such a way that more of the signal power te moved to the edges of tho 
spreaded frequency band than remains in the central portion of the spreaded frequency band. In this way It is possible 
to spread a significant fraction of the noise generated between the first and second mixing stages which would normally 
exist at the centre of the frequency band of the output signal (I.e. at dc In the case of a recolvor or at tho frequency of 
the unmodulated carrier signal in tho case of a transmitter) to outside the frequency band of the output signal where 
it can be easily filtered. 

A significant advantago of using either type of spreading phase function is that at least some of the components 
used in the signal path (e.g. the analogue to digital or digital to analogue converters) can be used to process both a 
narrow band signal (such as is found in the GSM protocol) and a wide band signal (such as may be found In a wide- 
band CDMA protocol). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the present Invention may be better understood, embodiments thereof will now be described by way 
ot example only, with refercnco to tho accompanying drawings in which:- 

5 

Figure 1 is a block diagram of a radio transceiver according to the present invention; 

Ffguro 2 is a block diagram of tho digital dosproador and balance equaliser block of Flguro 1; and 

Figure 3 is a block diagram of the digital spreader and balance equaliser block of Figure 1. 

10 DETAILED DESCRIPTION 

Referring firstly to Figure 1. transceiver 1 comprises a common transmitting and receiving means 10, local oscillator 
moans 50, a receive path 100 and a transmit path 200. It will be understood by a person skillod in tho art that Figure 
1 Is schematic only and a largo number of components which aro not essential to the understanding of tho present 

15 invention have been omitted for the sake of clarity; none-the-less, a skilled worker would have no difficulty in construct- 
ing a suitable radio transceiver from the present description In combination with the drawings by reference to a suitable 
textbook such as, for examplo, 'RF transceiver architectures for wiroloss communication handsets' ( Ecole Polytech- 
nique Federate de Lausanne , Christian Kormarrec ). 

Common transmitting and receiving means 10 comprises an aerial 11 and associated rf circuitry 12 for controlling 

zo the flow of rf signals to and from the aerial 11, and may for example include LNA, Power Amplifier, suitable filters, 
duplexer.etc. Common transmitting and receiving means 10 receives as an input the output signal 199 from the trans- 
mitting path 200, and has an output signal 99 which forms the input to the receiving path 100. 

Local oscillator means 50 comprises a phase function generator 60, a Fractional N type PLL frequency synthesiser 
70 such as that described In prior US patont No. 5, 1 1 1 , 1 62 l" Digital Frequency Synthoslzor having AFC and Modulat ton 

25 Applied to Frequency Divider,' Hletala et at.] and first delay control means SO. Phase function generator 60 generates 
a plurality of related low frequency signals 61-69 which will bo described in greater detail below. Signal 65 is applied 
to the frequency synthesiser 70 while signals 61 -64 are applied to tho receiving path 1 00 and signals 66-69 aro appllod 
to the transmitting path 200. Frequency synthesiser 70 receives 6ignal 65 together with a signal (not shown), which 
corresponds to the carrier signal, from a controlling processing unit, and generates first, second, third and fourth high 

so frequency signals 71,72,73,74. First delay control means 80 acts to control tho rolativo dolay botwoon tho phase func- 
tion signals 61*69 and the output signals 71,72,73,74 of the frequency synthesiser as Is discussed In greater detail 
below. 

Receive path 100 comprises an in-phase down-converting mixer 110, a quadrature-phase down-converting mlxor 
1 15, an Anatoguo to Digital Converter (ADC) 120, second delay control means 125, a digital desp reader and balance 

35 equaliser 300 and an IQ to data converter 140. It will of course be appreciated that this receive path 100 Is highly 
simplified and therefore omits a number of elements which would be required in an actual receive path of this nature 
such as a number of filters/amplifiers placed at various stages along the receive path. Such fitters/amplifiers have been 
deliberately omitted for the sake of clarity since they are not Important for an understanding of the present Invention. 
The In-phaso and quadrature-phase down-converting mixers 110,115 receive output signals 71,72 respectively 

<o from the frequency synthesiser 70 together with tho received modulated carrier signal 99, which is outputted, after any 
initial filtering anoYor amplification has been performed, by the common receiving and transmitting means 10. Mixers 
1 1 0, 1 1 5 output an In-phase (1)111 and a quadrature phase (O) 1 1 6 analogue baseband signal. These signals are then 
input to the ADC 120 together with the output of the second delay control means 125. ADC 120 outputs an I digital 
signal 121 and a Q digital signal 122 which correspond to the input I and Q analogue signals 111,116 delayed by a 

45 certain amount of time which may be varied by the second delay control means 1 25. 

Digital I and Q signals 1 21 , 1 22 aro Input to the digital despreader and balance equaliser 300, together with signals 
61 ,62,63,64 output from the phase function generator 60. Digital despreader and balance equaliser 300 outputs de- 
spread and balanced digital I and Q signals 131,132; these I and Q signals 131,132 are then input to the IQ to data 
converter 140 which converts the input I and Q signals 1 31 , 1 32 to a digital data signal 1 01 which forms the output of 

so the receiving path 100. The IQ to data converter 140 preferably takes the form of a look-up table or other well known 
means for performing IQ to data conversion. In between the digital despreader and balance equaliser 300 and the IQ 
to data converter 140, there will be one or more filtering/amplifying stages including at least a selectivity filter stage 
which will substantially remove any unwanted noise whose frequency falls outside the band-width of the wanted signal. 
Transmitting path 200 comprises a data to IQ converter 240, a digital spreader and balance equaliser 400, a Digital 

55 toAnalogueConverter(DAC)220 ( athirddelaycontrolmeans225,anfn-phaseup<onvertingmixer210,aquadrature- 
phase up-converting mixer 215 and a summing means 250. Again, a number of signal processing elements such as 
filters/amplifiers have been omitted from the transmitting path 100 of Figure 1 for the sake of clarity since they are not 
essential for an understanding of the present invention. 
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A data signal 201 to bo transmitted forms tho Input signal to the transmitting path 200 and is Inputted to tho data 
to IQ converter 240 which generates digital I and Q signals 231,232 which correspond to the data signal 201 to be 
transmitted. Digital I and Q signals 231,232 are input to the digital spreader and balance equaliser 400 together with 
signals 66,67,68,69 output from the phase function generator 60. The digital spreader and balanco oqualisor 400 

5 outputs spreaded and balanced digital I and Q signals 221,222 which are Inputted to the DAC 220 together with the 
output from the third delay control means 225. 

DAC 220 outputs an t analogue signal 211 and a Q analog uo signal 216 which corrospond to tho Input I and Q 
digital signals 221 ,222 delayed by a certain amount of time which may be varied by the third delay control means 225. 
The analogue I signal 211 Is input to the in -phase up-converting mixer 210 together with high frequency signal 73 from 

to the frequency synthesiser 70. Similarly, the analogue Q signal 21 6 is input to the quadrature-phase up-converting mixer 
215 together with high frequency signal 74 from tho frequency synthesiser 70. Up-converting mixers 210,215 output 
high frequency despreaded analogue I and Q signals 209 and 204 respectively and these signals are summed together 
by the summing means 250, to generate an analogue carrier signal 199, which is modulated by tho input data signal 
201 , which signal Is inputted to tho common receiving and transmitting moans 10 for transmission thereby. 

15 Referring now to Figure 2, an implementation of tho digital despreader and balance equaliser 300 of Figure 1 
comprises a receive Q signal gain adjustment means 310, a first 321 , second 322, third 323 and fourth 324 despreading 
multiplier, a first 331 and second 332 dosproading addor/subtractor and a digital selectivity filter 340. 

Q signal gain adjustment means 310 receives digital Q signal 122 and a Q signal gain adjustment signal 370 and 
outputs an adjusted gain Q signal 311. First despreading multiplier 321 receives the digital I signal 1 21 together with 

so tho first phaso function signal 61 from tho phaso function generator 60 and outputs a signal 351 which is applied to a 
first input of the first despreading adder/subtractor 331 . The second despreading multiplier 322 also receives the digital 
I signal 121 togethor with the second phase function signal 62 from the phase function generator 60 and outputs a 
signal 352 which is applied to a first input of tho second despreading adder/subtractor 332. The third despreading 
multiplier 323 receives the adjusted gain Q signal 311 togethor with tho third phaso function signal 63 from tho phaso 

2$ function generator 60 and outputs a signal 353 which Is applied to a second input of the first despreading adder/ 
subtracter 331. Tho fourth dosproading multiplier 324 also rocoivos tho adjusted gain Q signal 311 together with tho 
fourth phaso function signal 64 from tho phaso function genorator 60 end outputs a signal 354 which is applied to a 
second input of the second despreading adder/subtractor 332. 

The inputs of (he first despreading adder/subtractor 331 are arranged to generate an output signal 361 which is 

30 tho difference between tho two input signals 351 ,353. The inputs of the second despreading addor/subtractor 332 aro 
arranged to generate an output signal 362 which Is the sum of the two input signals 352,354. The nature of each of 
the inputs (whether they aro inverting or non -invert ing) of tho first and socond dosproading addor/subtractors 331,332 
in this particular embodiment Is controllable by first and second desproadtng control signals 381,382 respectively to 
enable the outputs of the adder/subtractors to be inverted or not as desired (I.e. tor one state of control signal 381 the 

35 first adder/subtracter's first input is inverting while Its second input is non-Inverting, and for an alternative state of control 
signal 381 tho naturos of tho first and second Inputs aro swapped; similarly for one state of the second control signal 
382 both inputs to the second adder/subtractor 332 are non-inverting but for an alternative state of control signal 382 
both Inputs are Inverting). 

Tho overall mathematical processing of tho digital desproader and balanco equaliser is modelled by tho following 
40 vectorial equatlon:- 

v out= Oin + J' Ad - Qin^PO^offM-^PW^ss)) 
45 which Is equivalent, when expressed In a more general form, to> 

V OUT = ('(N + 1 °(N H C0MP)- Ass-^W^SS)) 

so where Vq^ Is tho signal output by tho digital despreader and balance oqualisor, Hcomp is the compensation of tho 
balanced filters to compensate for any mismatch between the I and Q signal paths, $ S3 Is the phase depsreadino/ 
spreading signal, A S3 Is the amplitude desp reading/spreading (whose value is preferably controlled to take only either 
+1 or -1), (in Is tho input I component signal and Q w Is tho Input Q component signal. 

The ability to change the nature of the inputs to the adder/subtractors enables amplitude spreading and despread- 
55 ing to bo performed (where the amplitude spreading signal A$s takes only ±1) in addition to phase spreading and 
despreading, however in certain applications such amplitudo spreading will not bo roqulrod in which caso the nature 
of the inputs will be fixed and the control signals 381 and 382 will bo absent. 

The I and Q signals 361 ,362 output from the adder/subtractors 331,332 are then passed on to a digital filtering 
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is Initially converted into digital I and Q signals 231 ,232 by tho data to 1Q converter. The digital I and Q signals may be 
considered as digital I and Q representations of a constant amplitude signal having a time-varying phase Thus the 
I and Q signals may be written:- 

5 l^^cos^ 

Referring now to Figure 3, the output signals 451,452,453,454 of the first 421 , second 422 third 423 and fourth 
424 multipliers can be expressed as> 

10 

M 45t = cos $ w • cos <> w = cosf^ + $ S9 ) + fccosfo^ - $ 99 ) 



15 M 452 = cos $ w • sin (<> M + <> 0/T ) = Yi sin » w + + $ 0FF ) - Vi slnfo,,- <» w - $ OFF ) 

M 453 = sin $ w • sin <» M = 14 cos^^ - 0 M ) - tfcosft^ + $J 

^ M 454 = sin $ w • cos((> w + (^ 0Ff ) = K s\r\{$ w ♦ $ M + <fr 0/T ) + slnfo w - <> w - 0 o/T ) 

The signals 221,411 output by the first and second addor/subtrators 431 ,432 are then given by> 

2$ l22i=M 4 5 r M 4 53=COS((|) w ^ss) 

0411=M4S2 +M 454= sin (<M<frsa+<>OFF) 

The Q signal 451 is then passed through tho Q signal gain adjustment moans 410 to generate the gain adjusted 
Q signal 222 given by> 

30 Q222= Ad sIn ( < fw + ^83 +< >0FF) wner0 Ad is the gain adjusted amplitude of signal 222. Thus it can be seen that both 

tho phaso and tho gain of tho quadraturo signal can bo adjusted to compensate for any differences between the I and 
O paths hfitweon the digital spreader and balance equaliser 400 and the up-convorting mixors 210,215, by selecting 
appropriate values for $o FF and Ad respectively; these values may be selected dynamically by a suitable controlling 
unit or preprogrammed and stored in a suitable storage moans, Ideally with ditforont values for diff orent clrcumstancos 

35 (o.g. transmission channel, temperature.etc). 

When the I and Q signals arrive at tho up-converting mixors 21 0,21 5 they will have picked up some noise, Including 
a dc component of noise. If it Is assumed that tho compensation of tho Q signal has successfully ensured that the I 
and O signals have the same amplitude (which is again considered to be unity for the sake ot convenience) and have 
the correct quadrature phase difference at this point, and only the dc component of the noise Is considered at this 

40 stage, the I 21 1 and Q 21 6 signals at this point may be expressed as> 

t 211 =cos(<^+<fr w ) + I NO ise 
Q 216 =sin(<> w +^ w ) +Q N oise 

45 The third and fourth high frequency signals 73,74 generated by the frequency synthesiser 70 (as a result of the 
signal 65 sent by the phase function generator 60 together with a selected channel frequency signal sent by a suitable 
controller) are given by> 

LOy^COSfOnF^ss) 

50 L0 7 4=-sin(co Rr 4> ss )=sin(^ SS 'fl) RF ) 

Note, $ ss Is a function of time, and where it is a complicated function of time (I.e. where its first derivative with 
respect to time is non-constant) it Is important that the term $ ss appearing in the expressions for LO73 and LO74 
corresponds as closely as possible to $5$ appearing in the expressions for l 211 and Q 21 g In terms of time. This Is 
55 achieved by controlling the relative delays of the phaso function $ss travelling either via the frequency synthesiser 70 
(tho delay along this path being controlled by the first delay control moans 60) or via tho digital spreader and balanco 
equaliser 400 and the DAC 220 (the delay along this path being controllable by the third delay control means 225). 

Also the digital phase generator could be predlstorded to take into account the known Introduced distorsion of the 
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FRACN PLL LO (this distorslon is duo to tho bandwidth limitation of the FRACN PLL). 
The output signals 209,204 of the up-converting mixers is therefore given by> 

'209 =, 21V L0 73 = ( C °S(<^ + *S3) ♦ 'noISeI' C0S (<°RF l ^Ss) 

=1/2.cos(co RF +<fr w )+1/2.c^ 



=1/2. cosIwrp+^H^xos^^ 

These two signals are then summed by summing means 250 (which may for example bo a two-input high frequency 
is amplifier) to gonerato tho output signal of the transmit path 1 99 given by:- 

S 199 =, 209 + Q 204 " <*»(»RF + *W> + 'nOISE'^^RP^Ss) ' QnOISE^Kp^Ss) 

so Thus it can be seen that the output signal 1 99 includes a modulated carrier wave signal portion as desired, together 
with a nolso component whose frequency is dopondont upon tho phaso function $s S . Therefore by selecting a phase 
function which gonoratos a sproad spectrum (of, in a preferred embodiment, approximately 5 timos tho channel 
bandwidth) the majority of the noise can be spread to outside the channel of interest, thus reducing the noise Inside 
the channel of interest and therefore leading to a greater signal to noise ratio of the transmitted signal so far as a 

ss receiver is concerned. 

Turning how to consider tho reception of data, referring both to Figure 1 and Figure 2, the signal S99 to be demod- 
ulated by tho receive path 100 Is output by the common receiving and transmitting means 10 after reception at tho 
aerial 1 1 and suitable rf procossing by tho associated rf circuitry 1 2 of a received rf signal. Signal S99 may bo given by 
S 99 = cosf^F.t*^) where noise Initially received with the wanted signal has been Ignored for the sake of clarity. This 

00 signal S 99 is then applied to both the in-phase 11 0 and quadraturo-phaso 1 1 5 down-converting mixers whoro it is mixed 
with the first 71 and second 72 to generate at tho outputs of tho mixers:- 

35 l in « S 00 -LO 7t - cos(co RF .t+<t) w ).cos(a) RF ,t-4>ss) 

« 1/2 cosft> w +<i> ss ) + 1/2 cos(2<o RF ,t +<tv<t>ss) 

40 

Q m = S fl9 .L0 72 » cos(co RP .t+O w ).sin(o) RF .H ss ) 

= -1/2 sin(<t> w +<> ss ) + 1/2 sin(2co qF .t +<t>w<>ss) 

4$ 

These signals are then filtered, amplified and digitised (in no particular order) to derive digital signals l 121 andQ 12 2 
given by t^cosfo^ss) + \ mx ^ and Q 122 = -(t/Ao^sin(<^-H|> ss *<fr OFF ) + <1/Ad).G NOlsE where the magnitude of the 
in-phase signal l 12l has again been normalised for the sake of convenience. l NOISE and Onoise represent the dc 
components of noiso picked up by the I and Q signals before reaching the digital despreader and balance equaliser 

50 300. Such noiso can for oxamplo ariso as a result of loakago from tho local oscillator 70 being added to the received 
signal and and therefore being downconverted by mixers 110 and 115 to an unwanted dc component. 

It will be noted that because the in-phase and quadrature-phase signals travel along different paths between tho 
mixers 110,115 and the digital despreader and balanco equaliser 300, a phaso offset $ 0FF and a difference in gain 
1/Ad will have arisen between these signals. The relative gain difference 1/Ad Is componsatod by tho gain adjustment 

55 means 310 which effectively multiplies the input signal Q 122 by the gain adjustment signal 370 to give:- 

Q»ii«Qt» A d 3 To = -(1/Ad).Ad.sin(<> w +4» ss +<> OFF ) + Q KOISE 
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Tho output signals 351 ,352,353,354 of tho first 321 , second 322, third 323 and fourth 324 multipliers of dosproadcr 
s 300 aro given by:* 



M 35 i -{C0S(<j> w +$ ss ) + UseJ-COS^ 

»1/2cos<|> w + 1/2cos(0 w +2<j» ss ) + Inoise-cos<j> ss 



M 352 =[cos(<J> w +<}) ss + WH-slnftss 

15 

« -1/2smo> w + 1/2sin(<{> w +2<> ss ) + 1 NO isE-Sin<> ss 



M 3S3 - [-sin^+^ss+^onr) + QNcsel-sinW^ss+O 

- -1/2cos<> w + 1/2cos«> w +2<>s S +2(|> OFF ) + QNOKe.sinfoss+^o^) 



m -1/2sin<t» w - 1/2sin(<)) w +2<{> S3 +2<t> OFF ) + Q NOIse .cos(<> ss +<fr OFF ) 



30 (Note, In order to ensure that the term $ S3 appoaring in tho torms for P 61 - P M corresponds to tho torm $ ss appoaring 
in the terms for l 121 and Q 311 , it is neccessary for suitable delays to be created along a first path between the phase 
function generator 60 and tho digital dosproadcr and balance equaliser 300 via the local oscillator 70, mixers 110 and 
115 and ADC 120 and a second path directly by signals 61-64. This is achieved by tho phaso function gonorator 
providing a coarse delay on signals 61 -64 relative to signal(s) 65 and by providing fine delay control using tho first and 
55 second delay control means 80, 125) 

Also the digital phaso generator could bo prodistorded to take into account tho known introduced distorsion of tho 
FRACN PLL LO (this distorsion Is due to the bandwidth limitation of the FRACN PLL). 

The signals 361,362 output by the first and second adder/subtractors 331,332 are then given by> 

40 

'361 e M 351 • M 353 

« cos$ w + [1/2cos($ w +2<> ss ) - 1/2cos(<() w +2<{» ss +2<> OFF )] + N 

45 

Q362 =^352 + ^354 

SO 

- -$in$ w + [1/2stn(4> w +2<> 5S ) - 1/2sin($ w +2<> ss +2<» OFF )J + M 



(Note the second term in both of the above expressions, In square brackets, will be relatively small compared to 
55 the wanted signal for a small value of <$ 0 ff and also it will be spread twice by 2<fr S3 which then will bo filtorod by tho 
selectivity filters) N and M here represent the result of passing the dc noise components through the digital despreader 
and balance equaliser 300, the effect of which Is to multiply the dc components by a varying frequency (controlled by 
<f> S9 ) thus spreading what was a dc noise to frequencies throughout the spreaded signal bandwidth. 
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Thoso signals are then passed through a digital selectivity fitters stage 340 where any noise outsido the bandwidth 
of the wanted signals are removed, Including a large portion of the spreaded noise signals N and M. Note that the 
exact properties of the digital selectivity filters can be controlled by a suitable controlling unit such as a DSP or micro- 
controller and this is represented in Figure 2 by control signal 341. 
s The output signals 131,132 from the digital selectivity fitters stage 340 are then the I and Q components of the 

wanted signal ^AmEO~ ex P('lM wnIcn are inputted to tho IQ to data convenor 1 40 which recovers the wanted data 
signal 101 which Is output from the receive path 100. 



10 Claims 

1. A method of receiving a wanted modulated radio frequency signal and of demodulating ft to recover the wanted 
modulating signal therefrom, tho method comprising the steps of receiving a radio frequency signal; generating a 
high frequency local oscillator signal, which can be mathematically described as having a fixed frequency corro* 

is sponding to the frequency of the carrier wave of the wanted modulated radio frequency signal and a phase which 
varies in time according to a predetermined phase function; mixing the roceived radio frequency signal with the 
high frequency local oscillator signal to generate a mixed signal; converting tho mixod signal from an analogue 
signal Into a digital signal; generating a low frequency local oscillator signal, which can be mathematically described 
as having a fixed frequency of zoroand a phase which varies in time according to tho predetermined phase function 

20 when delayed by a predetermined delay corresponding to tho time taken for tho signal to propagato botwoon the 
first mixing step and the second mixing step; and mixing the mixed signal with the low frequency local oscillator 
signal to recover a rocovorod signal including both a wanted base-band signal whose phase Is not dependent on 
tho predetermined phase function and a noise signal whoso phaso Is dependent upon tho predetermined phase 
function. 

25 

2. A mothod of modulating a carrier signal with a modulating signal and transmitting tho modulated carrier signal thus 
formed, tho mothod comprising tho stops of generating a low frequency local oscillator signal, which can be math- 
ematically described as having a fixed frequency of zero and a phase which varies In time according to a prede- 
termined phase function; mixing the modulating signal with the low frequency local oscillator signal to generate a 

30 mixed signal; converting tho mixed signal from a digital signal to an analogue signal; generating a high frequency 
local oscillator signal, which can be mathemfltlcaily described as having a fixed frequency corresponding to the 
frequency of the earner signal to be modulated and a phase which varies in timo according to the predetermined 
phaso function when delayed by a predetermined delay corresponding to the time taken for tho signal to propagato 
between the first mixing step and the second mixing step; mixing the mixed signal with the high frequency local 

3S oscillator signal to generate a generated signal Including both the wanted modulated carrier signal whose phase 
Is not dependent on tho prodotorminod phaso function and a noiso signal whoso phaso is dependent upon the 
predetermined phase function; and transmitting the generated signal. 

3. A method as claimed in either one of the procoding claims wherein tho predetermined phaso function varies with 
ao timo In a non-linear fashion so as to spread tho band-width of tho signal with which it Is mixed. 

4. A method as claimed In claim 3 wherein the predetermined phaso function is such that the bandwidth of the signal 
with which it Is mixed Is spreaded in such a way that more of the signal power is moved to the edges of the spreaded 
frequency band than remains in the central portion of the spreaded frequency band, whereby a significant fraction 

<s of the noise generated between the first and second mixing stages is spreaded to outside the frequency band of 
tho wantod modulating signal signal whoro it can bo easily filtered out 

5. A method as claimed In claim 1 or either one of claims 3 or 4 when dependent upon claim 1 further including tho 
stop of filtoring tho recovered signal to remove unwanted components from tho recovered signal including at least 

so some of the noise whose phase is dependent upon the predetermined phase function 

6. A radio rocotvor for rocoMng a wanted modulatod radio frequency signal and demodulating it to recover the wanted 
modulating signal therefrom, the receiver comprising receiving means for receiving a radio frequency signal; a 
high frequency local oscillator for generating a high frequency local oscillator signal, which can be mathematically 

ss doscribod as having a fixed frequency corresponding to tho frequency of tho carrier wavo of tho wantod modulatod 
radio frequency signal and a phase which varies in time according to a predetermined phase function; an analogue 
mixer for mixing the received radio frequency signal with the high frequency local oscillator signal to generate a 
mixed signal; an analogue to digital converter for converting the mixed signal from an analogue signal into a digital 
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signal; a low frequency local oscillator lor generating a low frequency local oscillator signal, which can be mathe- 
matically described as having a fixed frequency of zero and a phase which varies in time according to the prede- 
termined phase function when dolayed by a predetermined delay corresponding to the time taken for the signal to 
propagate between tho analogue mixer and the digital mixer; and a digital mixer for mixing tho mixed signal with 
s the low frequency local oscillator signal to recover a recovered signal including both a wanted base-band signal 

whose phase Is not dependent on tho predetermined phase function and a nolso signal whose phase fs dependent 
upon the predetermined phaso function. 

7. A radio transmitter for modulating a carrier signal with a modulating signal and transmitting the modulated carrier 
10 signal thus formed, the transmitter comprising a low frequency local oscillator for generating a low frequency local 

oscillator signal, which can bo mathematically described as having a fixed frequency of zero and a phaso which 
varies in time according to a predetermined phase function; a digital mixer for mixing the modulating signal with 
tho low f requoncy local oscillator signal to generate a mixed signal; a digital to analogue convenor for converting 
the mixed signal from a digital signal to an analoguo signal; a high frequency local oscillator for generating a high 

*s frequency local oscillator signal, which can be mathematically described as having a fixed frequency corresponding 
to tho frequency of the carrier signal to be modulated and a phase which varies in time according to the predeter- 
mined phase function when delayed by a predotormlned delay corresponding to the time taken for tho signal to 
propagate between the digital mixer and the analoguo mixer; an analogue mixer for mixing the mixed signal with 
the high frequency local oscillator signal to generate a generated signal Including both the wanted modulated 

20 carrior signal whoso phase is not dependent on tho predetermined phase function and a noise signal whoso phaso 
Is dependent upon the predetermined phaso function; and transmitting means for transmitting tho generatod signal. 

8. A radio receivor or transmitter according to either ono of claims 6 or 7 further comprising a phase function generator 
lor generating tho prodotormined phaso function. 

2$ 

9. A radio receiver or transmitter as claimed in claim 8 wherein the tow frequency oscillator Is formed by tho phaso 
function generator. 

10. A radio receiver or transmitter as claimed in either ono of claims B or 9 wherein the phaso function generator 
so Includes a look-up table In which sample values of tho predetermined phaso function aro stored. 

11. A radio receiver or transmitter as claimed In any one of claims 6 to 10 wherein the hiqh frequency local oscillator 
comprises a digitally controlled frequency synthoslser in combination with tho phaso function genorator. 

os 12. A radio receiver or transmitter as claimed in claim 11 wherein the digitally controlled frequency synthesiser com- 
prises a fractional-N typo frequency synthesiser. 

1 3. A radio receiver as claimed In claim 6 or any one of claims 8 to 1 2 when dependent upon claim 6 further comprising 
a digital desprcader and balance equaliser, which includes tho digital mixor, for performing IQ balancing in addition 

JO to signal dosproading. 

14. A radio transmitter as claimed in claim 7 or any one of claims 8 to 12 when dependent upon claim 7 further com- 
prising a digital spreader and balance equaliser, which includes the digital mixer, for performing IQ balancing in 
addition to signal spreading. 

45 

15. A radio receiver or transmitter as claimed in claim 13 or claim 14 wherein tho phaso function is predistorded to 
take into account tho introduced distorston of the high frequency local oscillator. 



so 
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